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57 ABSTRACT

A process for manufacturing a component 1n which residual
tensile stresses are present in the component surface as a
result of the operation by which the surface was produced.
The process generally entails removing residual tensile
stresses and 1nducing compressive stresses 1n the surface of
a component by controlled impacting of the surface with two
or more jets of fluid. An additional benefit of this invention
1s that damaged surface regions of the component can be
removed simultancously with residual tensile stresses by
abrading the damaged surface region with a jet of abrasive
fluid. The fluid jet employed to abrade the component
surface 1s preferably at a pressure of at least 1360 bar, while
the fluid jet employed to induce compressive stresses in the
component surface 1s preferably at a pressure of at least 1700
bar. The second fluid jet can be operated to remove any
embedded abrasive grit remaining from the first fluid jet
operation.

18 Claims, No Drawings
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METHOD FOR SURFACE ENHANCEMENT
BY FLUID JET IMPACT

FIELD OF THE INVENTION

The present i1nvention generally relates to processes
employed 1n the manufacture of components. More
particularly, this invention relates to a manufacturing
method for reducing residual tensile stresses and creating
compressive stresses 1n a component with a jet of high
pressure fluid to improve the service life of the component.

BACKGROUND OF THE INVENTION

The processing of a component that will be later subjected
o stresses 1n service has a significant effect on the service
life of the component. A major factor determining the
service life of a component 1s surface integrity, which may
be defined as the result of alterations produced 1n a surface
layer during manufacture of a component and which aff

cCt
the material properties and performance of the component in
service. Typically, three factors are considered for surface
integrity: surface finish, microstructure and residual stress.
The prior art has long given considerable attention to a
component’s surface finish and physical and material prop-
erties 1n order to meet design requirements such as strength,
faticue and wear, with finish grinding, honing, lapping,
polishing, electropolishing and abrasive superfinishing tech-
niques used to achieve various levels of surface finish.
However, because the shape and orientation of the abrasive
particles used in finish grinding and other finishing tech-
niques cannot be controlled, material removal by such
techniques cannot be controlled 1n a manner that will
predictably and controllably remove residual tensile stresses
induced in the surface by the manufacturing operation used
to form the surface, such as turning, milling, etc.
Consequently, the prior art has conventionally relied on
peening with glass or steel shot to create a compressive layer
in a component surface to compensate for machining dam-
age and detrimental residual tensile stresses that were
imparted during the manufacture of the component. Shot
peening has also been employed to suppress crack growth
associated with surface and near-surface inclusions 1n
machined powder metal components. Accordingly, shot
peening of the surfaces of machined components 1s widely
employed to 1improve the service life of such components.

However, the service life of the component can be
reduced as a result of cold working caused by high intensity
and high coverage peening employed to overcome signifi-
cant levels of residual stresses in a component surface. To
reduce the negative elfects of surface cold working, attempts
have been made to reduce the intensity and coverage of the
operation, and to use different shot size and material. Such
attempts have had a negative 1impact on service life and/or
manufacturing costs.

Therefore, 1t would be desirable 1if a method were avail-
able for mmproving the service life of a component by
improving the surface integrity of a component, while
overcoming the shortcomings of conventional shot peening
techniques.

SUMMARY OF THE INVENTION

According to the present invention, there i1s provided a
process for manufacturing a component 1n which residual
tensile stresses are present in the component surface as a
result of the operation by which the surface was produced.
Generally, the process of this mvention entails removing
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residual tensile stresses and inducing compressive stresses 1n
the surface of a component by controlled impacting of the
surface with two or more jets of fluid. An additional benefit
of this 1mnvention i1s that damaged surface regions of the
component can be removed simultaneously with residual
tensile stresses by abrading the damaged surface region with
a fluid jet containing abrasive particles. The process of this
invention 1s applicable to stresses and damage induced by
essentially any operation performed during the manufacture
of a component. The benelits of the process are particularly
realized where surface stresses and damage are the result of
a component having been conventionally machined, 1.e.,
milling, turning, grinding, etc., with a cutting tool.

According to the invention, it 1s possible to employ fluid
jets at pressure levels sufficient to achieve the desired
results, with sufficient coverage to uniformly treat the entire
component surface. The fluid jet employed to abrade the
component surface 1s preferably at a pressure of at least 1360
bar, while the fluid jet employed to induce compressive
stresses 1n the component surface 1s preferably at a pressure
of at least 1700 bar. In practice, the removal of about 25 to
50 um (about 0.001 to 0.002 inch) of damaged surface
material with the abrasive fluid jet stmultaneously reduces or
climinates residual tensile stresses caused by machining.
The second fluid jet 1s then preferably operated to induce
compressive stresses 1n the surface of the component as well
as remove any embedded abrasive grit remaining from the
previous fluid jet operation. Either or both of the fluid jets
can be pulsed.

According to this invention, fluid jet treatment of a
component surface has the advantageous ability to remove
surface damage and significant levels of residual tensile
stresses while inducing a beneficial level of compressive
surface stresses without cold working the surface to an
extent that would be detrimental to the service life of the
component. This aspect of the invention i1s possible 1n part
because the fluid jet pressures required to induce compres-
sive stresses comparable to that obtained by shot peening are
lower than the localized surface stress imparted by shot
peening. The lower pressures enabled by this invention also
have the advantage of controlling and reducing preferential
surface material growth which would otherwise lead to part
distortion.

Other objects and advantages of this mvention will be
better appreciated from the following detailed description.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A process 1s provided for reducing residual tensile stresses
induced 1n the surface of a component during manufacture
of the component. The process 1s particularly applicable to
components fabricated by machining, ¢.g., turning, milling,
orinding, etc., though 1t 1s foreseeable that the components
produced by other methods could benedit from the teachings
of the mvention.

The 1mnvention 1s generally directed to inducing compres-
sive stresses 1n the surface of a component, and to reducing
and/or compensating for residual tensile stresses created
during the fabrication of the component. In licu of the prior
art practice of shot peening, this invention entails removing,
residual tensile stresses by controlled impacting of the
surface with a jet of fluid. In a preferred embodiment of this
invention, two fluid jet treatments are performed, a first of
which entails removing damaged surface regions of the
component 1n a manner that also removes residual tensile
stresses from the surface of a component. This 1nitial step 1s
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preferably performed by the use of an abrasive media, such
as garnet, aluminum oxide or silicon carbide, entrained 1n a
fluid jet. While various fluids could be used, water 1is
preferred as being environmentally safe and because 1t will
not chemically affect the surface of most metallic materials.
A suitable particle size for the abrasive media 1s about 80 to
about 400 mesh, though the use of larger and smaller
particles 1s foreseeable. Generally, the removal of about 25
to 50 um of material 1s suflicient to eliminate typical surface
damage and residual tensile stresses caused by conventional
machining operations, though 1t 1s foresecable that lesser or

orecater material removal may be warranted.

The general technology for using a fluid jet containing
abrasive particles to remove material from an article 1s
known. However, 1n the present invention, the technology 1s
applied to remove damaged surface material and residual
tensile stresses, 1n combination with a second fluid jet
freatment tailored to produce compressive stresses in the
surface of an article. While the second fluid jet treatment can
be performed without prior removal of damaged surface
material and tensile stresses, doing so has been determined
to be significantly less effective 1n producing a desired level
of compressive stresses that appreciably promotes the ser-
vice life of a component.

According to the invention, to remove damaged surface
material and residual tensile stresses, the first fluid jet
freatment using the abrasive media must be performed at a
pressure level sufficient to achieve the desired results, and
with sufficient coverage to uniformly treat the component
surface. The abrasive fluid jet 1s preferably maintained at a
pressure of at least 1360 bar, with a preferred range being,
about 2000 to about 3500 bar. Because of the abrasive nature
of this step, the jet angle of attack, cross-section and rate of
traversal across the surface of the component are also
preferably carefully controlled. In a preferred embodiment,
an abrasive grit entrained 1n a water jet at a pressure of about
3500 bar 1s discharged from a single or multiple nozzles,
cach having a diameter of about 0.020 to about 0.080 inch
(about 0.5 to about 2 millimeters) and spaced about 0.25 to
about 6 inches (about 0.6 to about 15 centimeters) from the
targeted surface. A preferred angle of attack for the water jet
1s about 75 to about 90 degrees, with a preferred rate of
traversal bemg about 22,000 to about 44,000 inches/minute
(about 560 to about 1120 meters/minute). The parameters
noted for this treatment are preferably coordinated through
the use of a numerical control (NC) program that assures
complete coverage of the component surface. Numerical
control of the abrading process 1s particularly desirable if the
jet 1s pulsed due to system or processing requirements.

Once the damaged surface regions are removed and
residual tensile stresses are removed or at least reduced by
the abrasive jet, the second fluid jet 1s employed to induce
compressive stresses 1n the component surface. A preferred
pressure for this operation 1s at least 1700 bar, with a
preferred range being about 2000 to about 3700 bar. In
addition to being capable of inducing compressive stresses
in the surface of a metallic component, such pressures also
enable the second water jet to remove any embedded abra-
sive grit remaining from the abrasive jet treatment. As with
the abrasive jet, the jet angle of attack, cross-section and rate
of traversal across the surface of the component are also
preferably carefully controlled to obtain optimal compres-
sive stresses 1n the surface of a component.

A suitable fluid jet treatment for inducing compressive
stresses 1n a component surface 1s to discharge water at a
pressure of about 3000 bar from a single or multiple nozzles,
cach having a diameter of about 0.010 to about 0.020 inch
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(about 0.25 to about 0.5 millimeters), and spaced about 0.25
to about 3 inches (about 0.6 to about 7.5 centimeters) from
the targeted surface. A preferred angle of attack for the water
jet 1s about 75 to about 90 degrees, with a suitable rate of
traversal being about 10,000 to about 20,000 inches/minute
(about 250 to about 500 meters/minute). As with the abra-
sive water jet treatment, the parameters noted for this
treatment are preferably coordinated through the use of a
numerical control (NC) program that assures complete cov-
erage of the component surface, particularly if the jet 1s
pulsed. While the above parameters have been 1dentified as
achieving acceptable results, 1t 1s foreseeable that process
parameters other than those noted could be capable of
inducing compressive stresses 1n a component surface in
accordance with this invention. Furthermore, additional
water jet treatments could be performed if necessary or
desired to tailor the distribution and level of compressive
stresses 1n the component surface.

According to this invention, a series of water jet treat-
ments of the type described above 1s capable of removing
surface damage and significant levels of residual tensile
stresses while inducing a beneficial level of compressive
surface stresses, without the negative effect of cold working
the surface as noted when shot peening 1s employed to treat
component surfaces with similar surface conditions.
Notably, the pressures 1indicated above for the second water
jet treatment are capable of inducing compressive stresses
comparable to that obtained by shot peening, but at signifi-
cantly lower localized surface stresses than that required
when shot peening to achieve similar results. An added
benefit attributable to the lower pressures enabled by this
invention 1s that preferential surface material growth that
would otherwise lead to part distortion 1s reduced and
controlled.

While the mmvention has been described 1n terms of a
preferred embodiment, 1t 1s apparent that other forms could
be adopted by one skilled 1n the art. For example, the water
jet treatments of this invention can be employed to suppress
crack growth associated with surface and near-surface inclu-
sions 1n powder metal components. Particular examples are
powder metal components formed of superalloys,
Accordingly, the scope of our 1nvention is to be limited only
by the following claims.

What 1s claimed 1s:

1. A process for manufacturing a component in which
residual tensile stresses are present 1n a surface of the
component, the process comprising the steps of reducing the
residual tensile stresses 1n the surface of the component by
impacting the surface with a first jet of fluid to remove a
layer of material at the surface and thereby expose and
define a treated surface, and then inducing compressive
stresses 1n the treated surface by impacting the treated
surface with a second jet of fluid that does not have abrasive
particles entrained therein so as not to remove material from
treated surface.

2. The process of claim 1, wherein the residual stresses are
induced 1n the component by machining.

3. The process of claim 1, wherein the first jet of fluid 1s
at a pressure of at least 1360 bar.

4. The process of claim 1, wherein the second jet of fluid
1s at a pressure of at least 1700 bar.

5. The process of claim 1, wherein the second jet of fluid
1s pulsed.

6. The process of claim 1, wherein the surface of the
component 1s further characterized by a damaged surface
region, the damaged surface region being impacted by the
first jet of fluid to remove the damaged surface region and
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the residual tensile stresses therein prior to impacting with
the second jet of fluid to induce compressive stresses therein.

7. The process of claim 6, wherein the first jet of fluid has
abrasive particles entrained therein.

8. The process of claim 6, wherein the damaged surface
region 1s formed 1n the component by machining.

9. The process of claim 1, further comprising the step of
additionally impacting the treated surface with the second jet
of fluid to vary the distribution and level of compressive
stresses 1n the surface.

10. A process for manufacturing a component, the process
comprising the steps of:

reducing residual tensile stresses 1n a surface of a com-
ponent by abrading the surface of the component with
a first jet of abrasive fluid to remove about 25 to 50 um
of material from the surface and thereby expose and
define a treated surface; and

inducing compressive stresses 1n the treated surface of the
component by impacting the treated surface with a
second jet of fluid that does not have abrasive particles
entrained therein.

11. The process of claim 10, wherein the surface of the
component 1s formed by machining.

12. The process of claim 10, wheremn the first jet of
abrasive fluid is at a pressure of about 2000 to about 3500
bar.

13. The process of claim 10, wherein the second jet of
fluid 1s at a pressure of about 2000 to about 3700 bar.
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14. The process of claim 10, wherein the first jet of
abrasive fluid comprises abrasive particles having a size
range of about 80 to about 400 mesh and entrained 1n water.

15. The process of claim 10, wherein the component has
a damaged surface region, and wherein the damaged surface
region 1s abraded with the first jet of abrasive fluid to remove
the damaged surface region.

16. The process of claim 15, wherein the damaged surface
region 1s formed 1n the component by machining.

17. The process of claim 10, wherein the second jet of
fluid 1s pulsed.

18. A process for manufacturing a component, the process
comprising the steps of:

machining a component;

removing damaged surface regions and residual tensile
stresses 1n a surface of the component by abrading at
least 25 um from the surface of the component with an
abrasive water jet at a pressure of about 2000 to about

3500 bar; and

inducing compressive stresses 1n the surface of the com-
ponent by impacting the surface with a nonabrasive
water jet at a pressure of about 2000 to about 3700 bar
so as not to remove material from the surface.
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